WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 
H04B 10/28, H04J 14/02 



Al 



(11) International Publication Number: WO 00/55995 

(43) International Publication Date: 21 September 200Q (21 .09.00) 



(21) International Application Number: PCT/SE00/00544 

(22) International Filing Date: 20 March 2000 (20.03.00) 



(30) Priority Data: 

9900991-2 



18 March 1999 (18.03.99) 



SE 



(71) Applicant (for all designated States except US): QEYTON 

SYSTEMS AB [SE/SE]; Vastberga AU6 9, S-126 30 
Hagersten (SE). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): EGNELL, Lars [SE/SE]; 
Klubbvagen 14, S-133 37 Saltsjobaden (SE). 

(74) Agents: LINDfiN, Stefan et al.; Bergenstrahle & Lindvall AB, 
Box 17704, S-l 18 93 Stockholm (SE). 



(81) Designated States: AE, AG, AL, AM, AT, AU, AZ, BA, BB, 
BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, 
DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, 
IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR. LS, LT, LU, 
LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, 
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, 
UA, UG, US, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, 
GM, KE, LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: A RECEIVER TRANSPONDER FOR PROTECTED NETWORKS 



Input from 
right direction 




Input from 
left direction 



Output to 
client layer 



Electrical 
output 
point 



Output signals 
for power and 
supervisory channel 
monitoring 



Switch 
control 
signal 



(57) Abstract 

A receiver transponder to be used in an optical add and drop multiplexer connected in short haul type networks receives light signals 
from two opposite directions on input fibers (21, 23). The optical input signals are converted to electrical signals by O/E converters (51, 
53), The output terminals of the converters are connected to an electronic switch (61) which handles protection switching in a protected 
ring type network. The output of the switch can be monitored (65) before it enters a reshaping circuit (67) in which the signal is reshaped, 
cleansed from a supervisory channel and given a proper drive level for a following laser (69). The optical signal from the laser can travel a 
significant distance through a fiber (71) to a client receiver or sustain other forms of attenuation and still have a sufficient signal power for 
reliable detection. An electrical output signal can be provided (73) by the reshaping circuit. The converters can be used to protect for one 
another and to detect channel signal power and a supervisory channel at electric outputs (57, 59). The laser can be a low cost type since 
the laser is typically used for transmitting light over only moderate distances and the input signal is amplified and reshaped. The electric 
high frequency switch is generally more reliable and can be more easily monitored than a purely optical switch. 
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A RECEIVER TRANSPONDER FOR PROTECTED NETWORKS 
TECHNICAL FIELD 

The present invention relates to a receiver transponder used in an optical add and 
drop node and capable of handling optical switching for protecting paths in a network, in 
5 which the add and drop node is intended to be used, and also to a protected network in 
which such an optical add and drop node is used. 

BACKGROUND 

Network availability is of significant importance in tele- and datacommunication net- 
works evolving nowadays. One way of improving the availability of such networks com- 

io prises building protection features into the networks such that efficient means are pro- 
vided to switch traffic to a different path in the case of a failure somewhere in a path 
used. With the rapid development of DWDM (Dense Wavelength Division Multiplexing) 
and of general and special techniques of building optical networks using e.g. different 
forms of WDM (Wavelength Division Multiplexing), there is a growing interest in means 

15 to handle protection in optical transmission systems and optical networks. 

In Figs, la - lc schematics of optical networks are shown which have various levels 
of ring protection in the optical layer. Thus, the illustrated networks all have a ring 
structure and contain Optical Add and Drop (Add/Drop) Multiplexer (OADM) blocks 1, 
also called optical add and drop nodes or add/drop nodes, which contain the filters and 

20 couplers necessary to add, drop and block wavelengths which are terminated in the node. 
Each such OADM block 1 is connected to a left OADM block and to a right OADM 
block through pairs 3 of optical fibers, one pair outgoing from the considered node in a 
left hand or western direction and a second pair outgoing in a right hand or eastern 
direction. In the scheme of Fig. la each OADM block 1 is connected to a transmitter- 

25 responder or transponder (TP) 5 and to a receiver (R) 7 through an optical switch 9. The 
transponder 5 transmits the wavelength signal in both directions and a block receiving the 
wavelength signal can choose the direction from which to receive that wavelength channel 
using its receiver 7 by setting its switch 9 accordingly. The receiver 7 receives light 
signals and converts them to for example electrical signals. In the network as illustrated 

30 in Fig. la there are two possible different paths of transmitting information from one 
node to another way, a first path extending in a clockwise direction and a second path 
extending in counter-clockwise direction. Both paths can be used simultaneously, the first 
path for some channels and the second for other channels. However, normally only one 
of the two possible paths will be used for all communication from one node to another 

35 node. When a fault occurs in such path, the other path can be used, this feature providing 
the protection of the network. Such a protected network can handle single faults in an 
optical fiber, in the cable holding the pair of fibers and connecting the OADM blocks or 
in the OADM blocks. In a special kind of control of such networks there is always one 
inactive link between two adjacent blocks whereas all the other links are used for 
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transmission. The position of the inactive link can then be displaced when a fault occurs. 

The optical network as illustrated by the scheme of Fig. lb gives the same level of 
protection as that of Fig. la but may allow a more efficient use of transmitter power and 
a reuse of wavelengths in the ring architecture. Here also the transponders 7 are 
connected to the OADM block 1 through optical switches 11, allowing the direction to be 
chosen, in which the respective transponder will transmit. There may, however, also be 
concerns about the reliability of the transmitter optical switches 1 1 and the possibility to 
monitor the health of the protection path. In the optical network of Fig. lc separate 
transponders 5', 5" are provided for transmitting in each direction, this layout not 
requiring any transmitter optical switches. In this third network scheme also faults in a 
transmitter or in a transponder can be mitigated. 

It is a feature common to all the schemes as discussed above that a switching 
function on the receiving end is required in order to choose the direction from which the 
wavelength is to be received (the switch 9). A natural conclusion is then to let a simple 
optical space switch handle this function, which may be an efficient solution in the type 
of WDM systems which have up to now been introduced on the market. These systems 
are, however, primarily intended for long distance applications and the system archi- 
tectures are typically based on optical amplifiers as fundamental building blocks and a 
separate wavelength channel is typically used for supervisory signalling. In metropolitan 
and wide area networks, which are more short haul type applications by their nature, 
other more cost efficient system and technology solutions have to be found, while the 
important system functions still have to be retained. These solutions would then pre- 
ferably not be based on optical amplifiers what implies that it will be imperative to 
minimize the attenuation between all ports in the node. Furthermore, it becomes im- 
portant to take into account all the network functions that need to be implemented in 
connection with the "optical switch" used (e.g. the switch 9 in Figs, la - lc). One such 
natural way to implement the receiving end is illustrated by the schematic block diagram 
of a node or OADM block of Fig. 2, only showing the devices necessary for receiving in 
the node. 

The wavelength channels from other OADM blocks, arriving to the considered node 
from the left and the right directions respectively, arrive at a left input fiber 21 and a 
right input fiber 23 as illustrated in Fig, 2. From these signals a portion of the optical 
power is extracted using optical tapping couplers 25, 27 connected to the respective input 
fiber. The extracted signals are fed to optical-to-electrical converters 29, 31 converting 
the instant optical power to electric power representing the optical signal. The average 
power or the power levels of the two wavelength channels can then be measured as 
indicated by the outputs 33, 35. Also, an overlaid embedded supervisory data channel can 
be detected in the electric signals by feeding the detected instant power signal to a 
supervisory channel receiver or supervisory channel receivers 37. The detected power 
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levels at the outputs 33, 35 are used to monitor the health of the paths from the left and 
the right direction respectively and to make decisions about when and how to protect the 
node changing the position of an optical switch 39. This optical switch corresponds to the 
switch 9 of Figs, la - lc. 

5 Since a separate supervisory wavelength channel would be significantly more costly, 
both in terms of component cost and additional attenuation in the node, such an 
embedded channel solution is to be preferred. The other output ports of the tapping 
couplers 25, 27 are connected to the optical switch 39. The position of the switch 39 
determines the direction from which the wavelength channel is to be received. The output 

io of this switch 39 is fed into another optical tapping coupler 41 which has one output 
connected to another optical-to-electrical converter 43 providing an electric signal at an 
output 45, from which the average power of power level at the output of the optical 
switch 39 can be detected and monitored. By comparing the power levels as represented 
by the electric signals on the outputs 33, 35, 45 of the power detectors 29, 31, 43 the 

is health of and the attenuation in the switch 39 can be deduced. Another output 46 from 
the tapping coupler 41 is intended to be connected to the client receiver (the receiver 7 in 
Figs, la - lc). 

The implementation in Fig. 2 may be natural as well as economically and 
technically feasible. There are however a number of important issues which need to be 
20 considered using this type of implementation based on an optical switch: 

* The reliability of the switch. This switch is a single point of failure in the link and 
hence the reliability of the switching component is very important. Unfortunately it is 
difficult to test the long term reliability of many of the optical switches available on the 
market. 

2s * An associated issue is that it does not appear to be easy to reliably health monitor 
an optical switch. How do you know that it will actually switch in a proper way when 
required? 

* The penalty in terms of signal attenuation associated with the optical couplers and 
the optical switch. 

30 * The cost of the optical switch and the cost of additional optical couplers and 
detectors required for extracting monitoring and supervisory information. 

* How and where to extract a supervisory channel and how to block this channel 
from passing to the client layer, possibly disturbing the detection of the client signal. 

Finally there are other issues which may indirectly have an impact on the choice of 
35 implementation such as for instance that the receivers in the client equipment may be 
unsuitable for directly receiving a wavelength channel from an optical DWDM network. 
This may be due to poor receiver sensitivity, dynamic range problems or that the receiver 
incorporates a detector which cannot handle the used wavelength. 

In the published European patent application No. 0 689 309 an add/drop node of a 
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two-fiber ring network using a time division transmission method is disclosed. In 
selecting a light signal from one of the parallel paths a switch or a receiving control 
section can be used. The receiving control section appears to make "physical grouping 
and distribution of signal lines" and it is said to have the function of "allocating a 

5 differing number of channels to the clockwise and counterclockwise directions" and it 
"controls what signal from either the clockwise or counterclockwise transmission path is 
to received". Thus, no details are disclosed on the internal structure of the receiving 
control section. In the published European patent application No. 0 668 674 a fiber 
network having add/drop nodes is disclosed. 

io SUMMARY 

It is an object of the invention to provide an optical add and drop node comprising a 
receiver transponder which has switching capabilities with a high reliability and which 
can be easily monitored. 

A receiver transponder as outlined hereinafter deals with all the above issues in a 

15 very efficient manner. The wavelength channels, which are to be dropped in the node 
from the left and the right fiber directions, are converted by their respective optical-to- 
electrical (O/E) converters. These converters can be designed to have a suitable 
sensitivity and a suitable dynamic range for the actual application. The converters can 
also be used to protect for one another and they constitute a natural place to detect 

20 channel signal power and a supervisory channel at a close to zero cost. 

The output terminals of the O/E converters are connected to an electronic high 
frequency (HF) switch which handles the protection switching and which can be 
implemented at a low cost and using very reliable components such as a FET attenuator 
in each arm. The output from the switch can be monitored for further definition of the 

25 health of the presently received signal before it enters a block in which the signal is 
reshaped, cleansed from the supervisory channel and given the proper drive levels for the 
following laser. This laser can be a low cost type since the signal is now amplified and 
reshaped and hence is relatively insensitive to the conditions between the laser and the 
client equipment. The signal from the laser can thus travel a significant distance through 

30 an optical fiber to the client receiver or sustain other forms of attenuation and still have a 
signal power which is sufficient for reliable detection. If an electrical output signal would 
be desirable, it can of course also be accommodated from the output of the 
reshaping/driver circuit as in Fig. 2. This may also be a suitable point to extract a signal 
for monitoring the performance of client channels. 

35 Additional objects and advantages of the invention will be set forth in the 
description which follows, and in part will be obvious from the description, or may be 
learned by practice of the invention. The objects and advantages of the invention may be 
realized and obtained by means of the methods, processes, instrumentalities and 
combinations particularly pointed out in the appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

While the novel features of the invention are set forth with particularly in the 
appended claims, a complete understanding of the invention, both as to organization and 
content, and of the above and other features thereof may be gained from and the 
s invention will be better appreciated from a consideration of the following detailed 
description of non-limiting embodiments presented hereinbelow with reference to the 
accompanying drawings, in which: 

Fig. la is a diagram of a network which can handle a single fault in an optical 
fiber, in the cable holding a pair of fibers and connecting the OADM blocks or in an 
10 OADM block, 

Fig. lb is a diagram of a network similar to that of Fig. la which gives the same 
level of protection and allows a more efficient use of transmitter power and a reuse of 
wavelengths in the network, 

Fig. lc is a diagram of a network similar to that of Fig. la which gives a better 
15 level of protection and which can handle a single fault in a transmitter or in a 
transponder, 

Fig. 2 is a block diagram of the receiving side using an optical switch in an optical 
add and drop node in a network as illustrated in any of Figs, la - lc, and 

Fig. 3 is diagram of a network using an electric switch in an optical add and drop 
20 node in a network as illustrated in any of Figs, la - lc. 
DETAILED DESCRIPTION 

In Fig. 3 the receiving part of an optical add and drop node is shown. The optical 
signals enter the node at an input left fiber 21 and an input right fiber 23. The left input 
fiber is connected to a left optical-to-electrical or opto-electronic (O/E) converter 51 and 

25 the right input fiber is connected to a right opto-electronic (O/E) converter 53. In the 
converters 51, 53 the incoming light signals are converted to electrical signals such as by 
sensing the instantaneous light power of the incoming signals and representing the sensed 
power by an electric signal. The O/E converters can be designed to have a suitable 
sensitivity and dynamic range in order to correctly convert the light signals to be 

30 received. Each O/E converter 51, 53 has output terminals 57, 59 providing the electric 
signals which represent the detected instantaneous channel signal power, from which the 
average power and a signal carrying a supervisory channel can be detected by monitoring 
circuits, not shown. 

The main output terminals of the O/E converters 51, 53 are connected to an 
35 electronic high frequency (HF) switch 61 controlled by a control signal input on a control 
input terminal 63. The HF switch 61 handles the protection switching and it can be built 
at a low cost using very reliable components such as FETs (Field Effect Transistors). A 
portion of the output signal of the switch 61 is provided to monitoring circuits as 
represented by the electric line 65, which circuit are used for defining the health of the 
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presently received signal. The other portion of the electric output signal is provided to a 
reshaping circuit block 67 in which the signal is reshaped, is cleansed from a supervisory 
channel and is given a proper power level for the following laser 69. The reshaped signal 
is provided to the laser 69 which can be a low cost type for typical applications. The 

5 optical signal output from the laser 69 can travel a significant distance through a fiber 71 
to a client receiver or sustain other forms of attenuation and still have a sufficient signal 
power for reliable detection. If an electrical output signal would be desirable, it can of 
course be provided from the output of the reshaping circuit 67 as represented by the 
electric line 73. From such an electrical output signal a signal can be extracted for 

io performance monitoring of client channels. 

While specific embodiments of the invention have been illustrated and described 
herein, it is realized that numerous additional advantages, modifications and changes will 
readily occur to those skilled in the art. Therefore, the invention in its broader aspects is 
not limited to the specific details, representative devices and illustrated examples shown 

15 and described herein. Accordingly, various modifications may be made without departing 
from the spirit or scope of the general inventive concept as defined by the appended 
claims and their equivalents. It is therefore to be understood that the appended claims are 
intended to cover all such modifications and changes as fall within a true spirit and scope 
of the invention. 
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CLAIMS 

1 . A receiver transponder to be used in an optical add and drop node connected in a 
two-fiber network, characterized by first and second optoelectric converters for 
converting received optical signals to electric signals and each having an optical input 

s terminal and an output terminal, the first optoelectric converter having its optical input 
terminal connected to an optical fiber carrying light signals from a first direction for 
receiving the light signals and for converting them to electric signals and the second 
optoelectric convener having its optical input terminal connected to an optical fiber 
carrying light signals from a second direction opposite the first direction for receiving the 

10 light signals and converting them to electric signals, an electronic switch having two 
signal input terminals, a signal output terminal and a control input terminal, the two 
optoelectric converters connected with their output terminals to the two signal input 
terminals of the electronic switch, a signal on the control input terminal controlling the 
electronic switch to select one of the signal input terminals from which a signal existing 

15 on the selected one of the signal input terminals is transferred to the signal output 
terminal of the electronic switch, whereby the direction from which information on a 
channel terminated in the optical add and drop node is to be received can be chosen. 

2. A receiver transponder according to claim 1, characterized by an electronic 
reshaping circuit having an input terminal and an output terminal, the input terminal 

20 connected to the signal output terminal of the electronic switch for reshaping a signal 
output from the electronic switch. 

3. A receiver transponder according to claim 2, characterized in that the electronic 
reshaping circuit is also arranged to clean the signal output from the electronic switch 
from a supervisory channel. 

25 4. A receiver transponder according to claim 2, characterized in that the electronic 
reshaping circuit is also arranged to give a signal output from the electronic reshaping 
circuit on its output terminal a predetermined electric power. 

5. A receiver transponder according to any of claims 2-4, characterized by a 
laser having an input terminal, the output terminal of the electronic reshaping circuit 

30 connected to the input terminal of the laser, the laser producing a light signal provided to 
a client layer. 

6. A receiver transponder according to any of claims 2-5, characterized in that 
the output terminal of the electronic reshaping circuit is connected to an input terminal of 
a client layer. 

35 7. A protected two-fiber network comprising optical add and drop nodes connected 
by links to form a ring, first optical fibers connected to form a first ring and transmitting 
light signals in a first direction and second optical fibers connected to form a second ring 
parallel to the first ring and transmitting light signals in a second direction opposite the 
first direction, each optical add and drop node comprising a receiver transponder and a 
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switch for choosing a direction from which information on a channel terminated in the 
considered optical add and drop node is to be received in the node, characterized in that 
at least one of the receiver transponders comprises two optoelectric converters for 
convening received optical signals to electric signals, a first one of the two optoelectric 

5 converters having an optical input terminal and an output terminal, the optical input 
terminal connected to one of the first optical fibers carrying light signals in the first 
direction, and a second one of the two optoelectric converters having an optical input 
terminal and an output terminal, the optical input terminal connected to one of the second 
optical fibers carrying light signals in the second direction, and that the switch is an 

10 electronic switch and has two signal input terminals, a signal output terminal and a 
control input terminal, the two optoelectric converters having their output terminals 
connected to the two signal input terminals of the electronic switch, a signal on the 
control input terminal controlling the electronic switch to select one of the signal input 
terminals from which a signal existing thereon is transferred to the signal output terminal 

15 of the electronic switch. 

8. A protected network according to claim 7, characterized by an electronic 
reshaping circuit having an input terminal and an output terminal, the input terminal 
connected to the output terminal of the electronic switch for receiving and reshaping a 
signal output from the electronic switch. 

20 9. A protected network according to claim 8, characterized in that the reshaping 
circuit is also arranged to clean the signal output from the electronic switch from a 
supervisory channel. 

10. A protected network according to claim 8, characterized in that the reshaping 
circuit is also arranged to provide a reshaped signal output on its output terminal having a 

25 predetermined power. 

11. A protected network according to any of claims 8 - 10, characterized by a 
laser having an input terminal and an optical output terminal, the output terminal of the 
electronic reshaping circuit connected to the input terminal of the laser and the laser 
producing on its optical output terminal a light signal provided to a client layer. 

30 12. A protected network according to any of claims 8-11, characterized in that 
the output terminal of the electronic reshaping circuit is connected to an input terminal of 
a client layer. 
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